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In Situ XAS Investigation of Vanadium Pentoxide Aerogel Cathodes
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Introduction: Nanophase vanadium pentoxide (V,Os) aerogel material synthesized using sol-gel techniques is
being considered a potential alternative to the cobalt and nickel oxide systems as cathode materials for lithium (Li)
batteries. The electrochemical performance of V,0s5, however, depends on its structure (i.e., crystalline vs.
amorphous), morphology (i.e., particle size and surface area), and water content.

Methods and Materials: In Situ XAS combined with electrochemical charge and discharge methods was used to
examine the evolution of the oxidation state and local structure of vanadium as a function of state of charge and
cycling in a nonaqueous cell.

Results: We show that the oxidation state of V in V,0s aerogel cathode heat treated in a vacuum oven at 220°C
for 20.5 hours is similar to that of V in a commercially obtained sample of orthorhombic V,0, We also show that
Li insertion during the first cycle of discharge leads to the reduction of V(V) to V(IV) and V(IV) to V(lll) in a manner
consistent with the stoichiometry of the sample, i.e., Li\V,0s, (Figure 1). In addition, Li extraction during charge
leads to oxidation of V(IIl) to V(IV) and then V(IV) to V(V). The oxidation state of V in fully charged cathodes is
close to +5 and remains relatively unchanged with cycling (up to at least the 16" cycle). However, the average
oxidation state of V in discharged V,05 cathodes increases with cycling. We show that the local structure of V in
the discharged state has a higher degree of symmetry than that of V in the fully charged state (Figure 2).
Furthermore, a significant change in the structure of the V-V correlation of discharged cathodes is observed with
cycling indicating the formation of electrochemically irreversible phases.

Conclusions: We have successfully illustrated variations in the oxidation state and local structure of V in V,05
aerogel cathode as a function of states charge and discharge as well as cycling in a nonaqueous cell.
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Figure 1. In situ V K-edge XANES for a V,05 Figure 2. Fourier transform of K’-weighted V K-
aerogel cathode as a function of states of discharge  edge EXAFS spectra for a V,05 aerogel cathode as
(i.e., lithium content or x in Li,V,05). a function of states of discharge (i.e., lithium

content).



